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Introduction
In the aftermath of the global financial crisis, many central banks turned to quantitative easing (QE), or large-scale purchases of long-term assets, as a means to provide monetary stimulus when their conventional policy interest rates became stuck at their respective effective lower bounds. The U.S. Federal Reserve, in particular, responded to the postcrisis recession by reducing its short-term policy rate to near zero, and subsequently attempting to bring down long-term interest rates by purchasing long-term assets in an unprecedented scale, effectively quadrupling the size of its balance sheet by the end of 2013 in the process (see Figure 1) .
1 Since then, the economic literature has focused on explaining the transmission mechanism of QE (Bernanke [2012] ), and quantifying its impact on the domestic economies of countries implementing such policies (Lenza et al. [2010] , Kapetanios et al. [2012] , Baumeister and Benati [2013] ). Given the globally interconnected markets in which the crisis unfolded, however, it is reasonable that the unprecedented policy reaction to the crisis may also have large international spillovers. Yet, there is a dearth of analysis on the international transmission of QE to the real economies of countries that did not adopt such programs. In this paper, we address this gap by assessing the spillover of the Fed's QE program to the real economy of a non-QE country, namely, Canada.
Specifically, we (a) quantify the effect of the Fed's long-term asset purchases on the Canadian economy, and (b) identify the principal channels of international transmission in a two-country factor-augmented vector autoregression (FAVAR) framework by considering a counterfactual scenario where the Fed's long-term asset holdings do not rise in response to the recession.
Although the effect of QE on the U.S. domestic economy is thought to be stimulative under the zero lower bound, it is unclear whether its effect on foreign economies would be unambiguously expansionary. Whether by signaling the Fed's intention to keep short-term rates low for an extended period (Woodford [2012] ), or by rebalancing imperfectly substitutable financial assets in investor portfolios (Bernanke [2012] ), large-scale purchases of long-maturity assets by the Fed would increase asset prices and reduce bond yields. Higher asset prices would then boost consumption through wealth effects. At the same time, a rise in asset prices relative to the replacement cost of capital would boost investment, as would a reduction in the user cost of capital due to a drop in long-term interest rates.
Standard economic theory, however, provides ambiguous implications for the international spillover of monetary easing (Rogoff [2002] ). Through the expenditure-switching effect, a monetary expansion in the United States would depreciate the home currency and deteriorate its terms of trade, making home goods cheaper for foreigners. The re-1 Although the first wave of asset purchases was aimed at preventing the seizing up of credit markets and included short-term emergency lending to financial firms, purchases of agency debt and asset-backed securities, subsequent programs targeted long-term mortgage-backed securities and government bonds in an effort to reduce long-term interest rates. In this paper, we assess the effects of the latter aspect of QE. For a discussion on the difference between the two aspects of balance-sheet expansion, see Lenza et al. [2010] , and Kozicki et al. [2011] .
sulting increase in home country net exports would then detract from the real output of the foreign economy. The income-absorption effect, on the other hand, implies that as long as expansionary monetary policy in the home country drives up domestic income, home demand for imports would rise, boosting the economy of foreign exporters. Finally, in the presence of global financial market integration, any increase in asset prices and reductions in yields in the domestic financial market resulting from QE may be reflected by similar movements in corresponding foreign financial market variables, 2 which in turn would boost foreign consumption and investment through the same mechanism as it does in the domestic case. Therefore, whether Canada benefits from the U.S. expansion through QE depends on which of these effects dominate, and is an empirical question that we attempt to answer here.
Our interest in identifying the international transmission channels of QE makes FAVAR (Bernanke et al. [2005] , Boivin and Giannoni [2007] , Charnavoki and Dolado [2014] ) the appropriate framework to consider, since it allows us to simultaneously assess the dynamic interactions between a large number of financial and real variables.
We choose Canada as an important case to highlight international transmission channels for a number of reasons. First, its strong trade and financial ties with the United States makes it reasonable to expect spillovers to be strong and easily observable. Second, the Bank of Canada did not implement QE, since the pre-crisis resilience of the Canadian financial sector prevented severe financial contagion during the crisis.
3 Figure  1 shows, however, that despite virtually no change in the amount of long-term assets in the Bank of Canada's balance-sheet holdings, 4 long-term spreads in Canada fell at the same time as its U.S. counterpart. Third, Canada is a small open economy with a floating exchange rate, with a long tradition of independent monetary policy, and availability of quality data. The latter is of particular practical importance when considering a FAVAR analysis. Finally, Canada is also a commodity exporter, allowing for a richer exploration of possible spillover channels of QE. For example, even when the income-absorption effect dominates in the United States, higher import demand for Canadian energy products may drive up the Canadian exchange rate, putting the non-energy sectors at a disadvantage from an export price point of view. 5 2 Indeed, Fratzscher et al. [2013] find that QE boosted equity prices worldwide, including in Canada, while Bauer and Neely [2012] show that long-term Canadian yields decreased following U.S. large-scale asset purchase announcements.
3 Note that Canada provided direct qualitative signals on the future path of short-term rates through forward guidance statements, as did the United States (Fay and Gravelle [2008] ). Moreover, the Bank of Canada provided term-liquidity facilities to financial market participants to stabilize the financial system and limit the repercussions of the crisis to the Canadian economy (Zorn et al. [2009] ). 4 The increase in the other-asset category seen from 2011 onwards reflects the Canadian federal government's debt management strategy. Specifically, in the 2011 federal budget, the government decided to hold prudential assets in the form of cash and short-term treasuries that would allow it to operate for one month in case its regular access to financial markets were hindered. For details, see the government's prudential liquidity-management plan delineated in the budget document, http://www.budget.gc.ca/2011/plan/anx2-eng.html. Taking a purely monetarist approach, however, one might interpret the rise in the total assets of the Bank of Canada's balance sheet as a monetary expansion (Gambacorta et al. [2012] ).
5 Using a FAVAR approach, Charnavoki and Dolado [2014] find that a higher exchange due to high
Since the beginning of the foray into unconventional policy, a number of studies have attempted to quantify the effects of QE on domestic financial markets (Gagnon et al. [2011] , Krishnamurthy and Vissing-Jorgensen [2011] ), and domestic real economies of countries conducting such policies (cf. Lenza et al. [2010] for an analysis on the euro area, Kapetanios et al. [2012] for the United Kingdom, Baumeister and Benati [2013] for the United States and United Kingdom, Schenkelberg and Watzka [2013] for Japan, and Gambacorta et al. [2012] for an international comparison), as well as on the spillovers of QE to international financial markets (Fratzscher et al. [2013] , Bauer and Neely [2012] ). To the best of our knowledge, this is the only paper that attempts to assess the effects of international spillovers of QE on the real economy. In this sense, it complements the literature on the real spillovers of conventional monetary policy (Kim [2001] , Kazi et al. [2013] ).
Our approach differs from existing studies on the effects of QE in two important ways. First, while earlier studies proxy U.S. policy through its intended, but unobserved, effects on long-term rates, we directly measure policy action through the observable expansion of the Fed's balance sheet. With limited information available at the onset of the implementation of QE, early papers on the topic take findings from event studies on financial market reactions to Fed announcements as given, and construct counterfactual scenarios where the absence of QE is proxied through higher long-term rates.
6 We, on the other hand, measure QE as the Fed's balance-sheet holdings of long-term assets, and construct a counterfactual scenario where these holdings are not increased in reaction to the great recession. Our measure takes advantage of 19 quarters of observable data, and is agnostic about the effect on long-term rates. Note, however, that we retain the focus on long-term asset purchases, rather than the increase in the monetary base or the total size of the Fed's balance sheet as considered by Gambacorta et al. [2012] .
7
Second, we estimate a two-country FAVAR with coefficient restrictions which allows us to study the transmission of U.S. policy through dynamic interactions between a large number of financial and real variables, while at the same time restricting U.S. policy from being influenced by movements in Canadian economic variables. We believe this is the appropriate framework for studying relationships between a large country such as the United States and a small open economy such as Canada (Charnavoki and Dolado energy prices negatively impacts the non-energy sector output only after a negative energy supply shock, while it positively impacts non-energy sector output following a positive global demand shock. This finding is mirrored by Dorich et al. [2013] , who use an estimated dynamic stochastic general-equilibrium (DSGE) framework.
6 Looking at financial market reaction within a short time-window of the Fed announcements regarding QE, Gagnon et al. [2011] and Krishnamurthy and Vissing-Jorgensen [2011] suggest that QE lowered long-term treasury yields by between 30 and 100 basis points. Baumeister and Benati [2013] accordingly construct their counterfactual scenario of a world without QE as one where long-term yields are 100 basis points higher. In a similar event study, Joyce et al. [2011] find that QE announcements in the United Kingdom reduced long-term government bond rates by 100 basis points. This, in turn, serves as the basis for the counterfactual scenario considered by Kapetanios et al. [2012] .
7 Interpreting QE as an increase in the total size of the Fed's balance sheet or monetary base espouses a purely monetarist view that relies on the structural stability of the money multiplier and the velocity of money (Woodford [2012] ).
[2014]).
We find that the implementation of QE increases U.S. output by about 2.3 percent and Canadian output by 2.2 percent on average between 2008Q4 and 2013Q3, when compared with the no-QE counterfactual scenario. Because of QE, U.S. long-term spreads decline, and asset prices rise, boosting both investment and consumption, though the latter is not statistically significant. The transmission to Canada occurs mostly through the financial market. Although Canada did not implement QE, long-term spreads in Canada fall, and asset prices in the Canadian stock market rise. QE also leads to higher oil prices, an improvement in the Canadian terms of trade and an appreciation of the Canadian nominal exchange rate vis-à-vis the United States, consistent with the commodity currency effect documented by Charnavoki and Dolado [2014] and Dorich et al. [2013] .
In other words, financial market integration results in Canadian interest rates and asset prices moving in the same direction as those in the United States following the implementation of QE. Along with the effects of improved terms of trade, spillovers from the financial channel bolster the domestic Canadian economy, driving up Canadian demand for imports, while the appreciation of the Canadian dollar makes imports cheaper. As a consequence, net exports fall, despite the fact that Canadian exports increase in most product categories, consistent with a stronger U.S. economy. Our finding that the financial channel dominates the trade channel in transmitting positive spillovers from a U.S. monetary expansion is consistent with the transmission of conventional monetary policy documented by Kim [2001] using a small structural vector autoregression.
The rest of the paper is organized as follows. Section 2 describes the two-country FAVAR set-up, as well as the data and estimation process. Section 3 describes the counterfactual set-up and the results of the exercise for both aggregate real and financial variables, as well as some disaggregated variables. We provide some robustness analysis in section 4, including a qualitative look at the transmission mechanism for a conventional monetary policy shock to the U.S. policy rate. Section 5 concludes.
Empirical Framework
We choose a FAVAR approach (Bernanke et al. [2005] and Boivin and Giannoni [2007] ) to assess the different international transmission channels of QE. This is the appropriate framework to consider, since it allows us to simultaneously compare the effect of QE on a broad set of financial and real variables from Canada and the United States, while taking into account the dynamic interactions between them. We explain our empirical set-up, describe the data and discuss the estimation method below.
Empirical model
Our FAVAR specification contains two country-specific blocks. Following Charnavoki and Dolado [2014] , we impose two restrictions to reflect the small open-economy nature of Canada. First, by imposing block-zero restrictions on the VAR coefficients, we ensure that movements in Canadian factors do not influence movements in U.S. factors. Second, by specifying that Canadian time series load onto both U.S. and Canadian factors, we allow for a strong co-movement between real and financial variables of both countries, while keeping unobserved factors orthogonal to each other.
The one-directional nature of the relationship between these two countries inherent in our modeling choice is motivated by the following observations from international trade and financial flow data. First, Canada is highly dependent on the United States for its international trade, while the reverse is not true. On average, 84 percent of total Canadian exports between 2000 and 2007 were destined for the United States. However, this accounted for only 17 percent of total U.S. imports. Table 1 shows that this disparity is true for Canadian imports as well, and holds across all product categories. International financial flows between the two countries show a similar pattern. Table 2 shows that 47 percent of Canadian portfolio and direct investments abroad are in the United States, while almost 60 percent of foreign direct and portfolio investments in Canada come from the United States. In particular, about 80 percent of foreign investments in Canadian equity are held by U.S. investors. Finally, Table 3 shows that both financial markets and real economies of the two countries are strongly and persistently correlated in business cycle frequencies. This suggests that the Canadian economy is highly responsive to movements in U.S. economic and policy variables, while the reverse may not be true. This is reflected in our empirical framework described below.
The first block in our FAVAR model contains a vector of unobservable factors, F 
In our case, the policy variables are the effective federal funds rate and our measure of QE -total long-term asset holdings in the Fed's balance sheet. The second block consists of Canada-specific unobservable factors, F CA t , that are orthogonal to the U.S. factors. The U.S. and Canadian data load onto the factors as follows: 
where b ij (L) are lag polynomials of finite order p and e t denotes the reduced-form residuals. The block of zeros in the coefficient matrix prevents movements in Canadian factors to influence those in the United States. As argued above, we believe that this restriction adequately captures the small open-economy nature of Canada. Relaxing this restriction, however, does not alter our main findings presented below. Combining equations (1) and (2), one-step-ahead forecasts for each series contained in the data set can be obtained from the following equation:
Data
We use quarterly data from 122 U.S. and 149 Canadian series ranging from 1983Q1 through 2013Q3. The start date is restricted by the availability of Canadian disaggregated data. The U.S. series include real data from national income, industrial production, employment by industry, as well as data on housing starts and sales, manufacturers' orders and inventory, and a number of different price indexes. Movements in the financial sector are captured through stock prices, nominal and real exchange rates, interest rates of varying maturity, bond prices, monetary aggregates, and commercial bank balancesheet and lending conditions. We also include confidence indexes from the Conference Board and University of Michigan surveys on business sentiment. The QE variable represents the Federal Reserve's balance-sheet holdings of mortgage-backed securities and treasury bonds with maturities of more than five years. A more detailed discussion on the choice of this variable is provided in section 3 while describing the counterfactual set-up.
The Canadian series include real data on national accounts, Canadian exports and imports by product and by regional destination, flows from the balance of payments account, and industry-level GDP and employment. We also include Canadian house prices and housing starts, and a number of relative price and oil price indexes. Movement in the financial sector is captured through the Toronto Stock Exchange (TSX) price index, nominal and trade-weighted real exchange rates, interest rates of various maturities, as well as balance-sheet conditions from commercial banks and private industry. We capture Canadian business confidence by the Conference Board confidence index.
Most of our data series, both U.S. and Canadian, are downloaded via HAVER analytics. We construct the industry-level GDP for Canada by combining information from tables 379-0027 and 379-0031 from the Canadian Socioeconomic Information Management (CANSIM) database maintained by Statistics Canada.
8 The series are transformed to induce stationarity, and standardized before estimation. For the benchmark case presented in section 3.2, we transform our measure of QE by taking differences in levels, and consider differences in logs in section 4. The appendix provides detailed descriptions, sources and transformation codes for all series considered.
Estimation
Following Bernanke et al. [2005] , we estimate the FAVAR in two steps. First, the unobserved factors F U S,F t and F CA t are estimated through principal components from our data sets X U S t and X CA t . Second, both unobserved and observed policy variables are then cast into a restricted VAR model.
The unobservable U.S. factors are rotated to be orthogonal to the observed policy variables as follows. First, we start by extracting K U S factors from the U.S. data set X U S t as the largest K U S principal components. We then extract the same number of factors from a subset of our data set that contain variables which do not respond to policy changes contemporaneously, i.e., slow-moving variables. The full set of factors are then regressed on the set of slow-moving factors and the set of fast-moving policy variables, Y U S t . The final set of factors,F U S,F t , are estimated as a rotation of the original factors that are orthogonal to Y U S t .
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We allow Canadian data, X CA t , to load onto both U.S. and Canadian factors, with loading matrices Λ CA U S and Λ CA CA , respectively. We estimate the Canadian factors following the iterative procedure employed by Charnavoki and Dolado [2014] in order to control for the effect of the U.S. factors in the Canadian block. Again, we start by extracting K CA factors from the Canadian data set as the largest K CA principal components. Given this initial estimate of the Canadian factors,F CA(0) t , we iterate through the following steps until convergence is achieved:
and the estimates of the U.S. factors,F
4. Return to step 1. The algorithm stops when the difference betweenF
and F CA(j) t is sufficiently small. Bai and Ng [2002] criteria suggest between six and ten factors for the U.S. block and four to eight factors for the Canadian block. We choose six factors for the U.S. block (including the policy variables) and four factors for the Canadian block. Our main message below, however, is robust to any combination of four to ten factors. Using these factors, we estimate equation (2) via restricted ordinary least squares to incorporate the block-zero restriction. We choose only one lag for the VAR to take into account our relatively small sample size.
Different versions of the

International Transmission of QE
Using the empirical set-up described above, we estimate the effect of QE as the difference between two conditional forecasts: one corresponding to the policy scenario, where 9 See Bernanke et al. [2005] for details. the Fed's long-term asset holdings follow the path observed in data, and the other, the counterfactual no-policy scenario, where the Fed's holding of long-term assets does not increase in response to the great recession. In this section, we first describe our counterfactual set-up, and then discuss the results of our analysis.
Counterfactual set-up
Although the Federal Reserve announced purchases of mortgage-backed and long-term treasury securities in a staggered manner since the beginning of the financial crisis, 10 actual purchases occurred gradually. Figure 1 shows the rise in long-term asset holdings (holdings of mortgage-backed securities and treasury securities of maturity higher than five years) in the Fed balance sheet, along with the policy rate and the 10-year treasury yield.
For our counterfactual, we construct a no-policy scenario where this increase in longterm asset holdings does not occur. We therefore espouse a view that anticipated increases in long-term asset holdings have an effect on the economy. We believe that this view is somewhere between Gambacorta et al. [2012] , who focus on an unanticipated increase in the Fed's balance sheet, and Woodford [2012] , who considers that the announcements themselves contain all relevant information about the Fed's policy actions. In our benchmark case, we generate an unconditional forecast of the Fed's long-term asset holdings from equation (2) using pre-recession values of the factors. This gives us a path for the QE variable that is consistent with pre-recession dynamics, but one that does not increase in response to the recession. Our no-policy counterfactual is then generated as the expected value of our variables of interest conditional upon this counterfactual path of the Fed's asset holdings. This approach is similar to Lenza et al. [2010] .
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We also consider an alternative scenario where the QE variable is projected using its pre-recession trend growth rate, and find similar results as our benchmark case. The benchmark conditional forecasts for the policy and the no-policy scenarios are calculated as follows.
1. Policy scenario: Using a full-sample estimate of equations (1) and (2), produce a forecast from 2008Q4 until 2013Q3, conditional on the actual path of both the QE variable x * ,QE t and the effective federal funds rate, x * ,F F t :
. This is the policy scenario.
2. No-policy scenario: To produce forecasts under the no-policy scenario, first generate a counterfactual path of the QE variable. Second, obtain conditional forecasts using this path and a full sample estimate of equations (1) and (2).
(a) We generate the counterfactual path of the QE variables in two alternative ways.
i. Estimate the restricted regression (Equation (2)) using estimated factors through 2008Q3:
Produce an unconditional forecast for the remainder of the sample, and save the path of the QE variablex
. This gives us the counterfactual path of the QE variable, which is used as our benchmark. ii. Construct a counterfactual path for the QE variable where it grows according to a linear and quadratic pre-QE time trend. That is, to obtain a path for T + h = 2008Q4...2013Q3 apply the trend for t = 1983Q1...2008Q3. This gives us the counterfactual path of the QE variable, which is used for robustness.
(b) Construct a counterfactual forecast from 2008Q4 until 2013Q3, conditional on the actual path of the effective federal funds rate, x * ,F F T +h , and the counterfactual path of the QE variable,x QE T +h , constructed above:
. This is the no-policy counterfactual scenario.
3. The difference betweenX T +h andX T +h is then the effect of QE.
Note that, while we directly measure policy action through 19 quarters of observable expansion of the Fed's balance sheet, we remain agnostic about the quantitative effect (or, even, the direction of change) of QE on long-term rates. In contrast, early studies estimating the effect of QE proxy central bank policy through its intended, but unobserved, effect on long-term rates. Gagnon et al. [2011] and Krishnamurthy and Vissing-Jorgensen [2011] use event-study methods on financial markets to estimate that early Fed announcements related to QE reduced long-term yields by 30 to 107 basis points (bps). With limited information available at the onset of the implementation of this novel policy paradigm, early studies on the effect of QE take these estimates of announcement effects on long-term yields as given, and construct counterfactual scenarios where, in the absence of QE, long-term spreads are higher by the same amount (Baumeister and Benati [2013] , Kapetanios et al. [2012] ).
Results
Figures 2 and 3 show the effect of QE for a key set of variables for the United States and Canada, respectively. The solid line represents the difference between the two conditional point forecasts, and the dashed lines show the 68 percent residual bootstrap bands from the counterfactual exercise described above. Note that although these figures resemble traditional impulse responses, they are not so. Instead, they represent the difference between the policy scenario and the no-policy scenario at each quarter of the forecast horizon. When noted, results are expressed in percentage difference from the no-policy scenario.
A number of key results emerge from our exercise. First, as Figure 2 suggests, QE boosts domestic U.S. GDP by lowering long-term spreads. Compared to the counterfactual scenario, on average between 2008Q4 and 2013Q3, the increase in long-term asset holdings in the Fed balance sheet reduces the 10-year treasury spread by 82 bps, and increases GDP by 2.3 percent and the personal consumption expenditure price index by 0.5 percent. Note that our result of a positive impact of QE on U.S. GDP is not derived from an explicit assumption of a reduced long-term spread. Rather, the latter arises as an endogenous response to an increase in the Fed's long-term asset holdings. The magnitude of decline in long-term spreads is comparable to Neely [2010] , Krishnamurthy and Vissing-Jorgensen [2011] , and Bauer and Neely [2012] , who find, using different empirical techniques, that long-term treasury yields fell by 88, 107, and 123 bps, respectively, due to the Fed's 2009 asset purchases, and to Gagnon et al. [2011] , who find that the same purchases resulted in a reduction in the 10-year term premium by 30 to 100 bps. Our effect on GDP is also in the same order of magnitude as Chung et al. [2012] , who find that a cumulative 70 bps drop in the term premium due to QE resulted in real GDP being higher by 3 percentage points by early 2012. Moreover, the higher personal consumption price under the QE scenario than under the no-policy scenario suggests that our counterfactual exercise does not generate a price puzzle for QE that is often found in the literature on conventional monetary policy shocks.
The domestic transmission of QE occurs largely along the lines explained by Bernanke [2012] . Asset prices (the S&P 500 index), consumer confidence (Conference Board indicator), the banking sector's willingness to lend (Federal Reserve's senior loan officer survey), and commercial and industrial loans all increase, while corporate spreads (BAA -AAA) decline. This raises U.S. investment, and, to a lesser extent, consumption. Second, Figure 3 shows that the spillover effect of QE on Canada is positive, and of the same order of magnitude as in the United States. In the financial market, the increase in the Fed's long-term asset holdings reduces the 10-year Canadian government bond spread by 30 bps on average between 2008Q4 and 2013Q3, compared to the counterfactual. In the goods market, Canadian GDP increases by 2.2 percent, and the consumer price index by 0.5 percent, on average in the same period. In comparison, Bauer and Neely [2012] find that the 2009 asset purchases by the Fed reduced Canadian 10-year yields by 66 bps.
Third, the transmission of QE to Canada occurs mainly through financial channels. Due to strong financial integration, the Canadian corporate spread (Canadian 3-month corporate bond yield -Canadian 3-month government bond yield) falls, while both Canadian asset prices (TSX index), and consumer confidence (Conference Board index) rise alongside their U.S. counterparts. Consequently, both Canadian consumption and investment increase. Our finding that QE in the U.S. transmits to Canada through the financial rather than the trade channel complements a similar finding by Kim [2001] for a conventional monetary policy shock.
Importantly, compared with the no-policy scenario, QE leads to higher oil prices (Brent prices are shown in Figure 3 ), an improvement in the Canadian terms of trade and an appreciation of the Canadian nominal exchange rate vis-à-vis the United States. This is consistent with the commodity currency effect documented by Charnavoki and Dolado [2014] and Dorich et al. [2013] . Positive spillovers from improved terms of trade bolster Canadian income and wealth, and work in the same direction as the spillovers from the financial channel in raising Canadian consumption and investment.
Finally, net exports fall. However, this is due to higher imports from a comparatively stronger Canadian domestic demand, rather than lower exports to the United States. Looking closer at net exports, however, we find two important trends that contradict a purely expenditure-switching view. First, as we see in Figure 3 , although Canadian global net exports decline compared to the counterfactual, net exports destined to the United States increase, or at least stay the same, during that period, suggesting that the decline in net exports is due to trade with the rest of the world. Second, Figures 4 and 5 show that the decline in Canadian net exports is due not to a fall in exports, but rather to stronger imports in almost all product categories.
In other words, financial market integration results in Canadian interest rates and asset prices moving in the same direction as those in the United States following the implementation of QE. Along with the effects of improved terms of trade, spillovers from the financial channel bolster the domestic Canadian economy, driving up Canadian demand for imports, while the appreciation of the Canadian dollar makes imports cheaper. As a consequence, net exports fall, despite the fact that Canadian exports increase in most product categories, consistent with a stronger U.S. economy.
Finally, Figure 6 shows the impact of QE on Canadian GDP by industry. As a commodity-exporting country, Canada generally benefits from a rise in global oil prices. At the same time, the commodity currency effect implies that increased demand for 45.6 percent and the S&P index was 107 percent higher than their recessionary troughs, which occurred in 2009Q3 and 2009Q1, respectively. oil also appreciates the Canadian exchange rate, which may make other industries noncompetitive. Thus, the gains in the oil-producing industry might come at the expense of other industries. This trade-off is often referred to as Dutch disease. As Figure 6 shows, however, GDP in all industries, except for the arts, entertainment and recreation, increase due to the implementation of QE. As such, we do not find any evidence of Dutch disease due to unconventional U.S. monetary policy.
To summarize, we find that the implementation of QE in the United States benefits Canada almost to the same extent as it does the U.S. domestic economy. This spillover into Canada occurs mainly from the financial channel, as integrated financial markets make Canadian asset prices and interest rates move in the same direction as their U.S. counterparts. This effect is also bolstered through stronger Canadian terms of trade. The Canadian exchange rate appreciates, generating leakages through reduced net exports. However, these leakages were a consequence of stronger Canadian demand for imports, and not due to a decline in exports. Despite the coincident rise in oil prices and the Canadian exchange rate, we find no evidence of Dutch disease as a consequence of QE, since GDP in almost all industries shows gains.
Robustness
The qualitative findings documented in section 3.2 are robust to changes in the number of factors between four and ten, relaxing the coefficient restriction in the VAR from equation (2), a log-difference transformation of the QE variable, or minor changes in the way the counterfactual path for the QE variable is calculated.
In this section, we first provide an alternative specification that includes a combination of changes. Specifically, we include eight U.S. factors and six Canadian factors (instead of six and four, respectively), and remove any coefficient restriction in equation (2), so that Canadian factors can influence movements in U.S. factors and policy variables. Furthermore, we take the log difference of the QE variable instead of the level difference, as in the benchmark case, and consider a counterfactual path where the QE variable grows according to a linear and quadratic time trend. The results are shown in Figure 7 .
Although the point estimates of the quantitative effect of QE on the two economies have changed slightly, qualitatively the story remains the same. Namely, the effect of QE on the U.S. domestic economy is expansionary, and brought forth by a reduction in long-term yields. The spillover effect on Canada is also stimulative, and of the same order of magnitude as the domestic effect. The international transmission of QE occurs through the financial channel with lower spreads and higher asset prices, as net trade provides a source of leakage for Canada.
Second, we ask whether the transmission of U.S. monetary easing occurs through different channels for the case of QE than conventional monetary policy. To this end, we estimate Cholesky-ordered impulse-response functions for a 100 bps reduction in the effective federal funds rate in our benchmark FAVAR specification with pre-crisis data, to avoid including the period of the zero lower bound, which is uninformative for shocks to the effective funds rate. The results are shown in Figure 8 . Note that the exercise so far has been to generate the difference between two conditional forecasts -one reflecting the presence of QE, and the other without. As such, they cannot be directly compared with the impulse responses shown in Figure 8 . Our purpose here is to check for the direction of responses to determine whether there is a consistent story regarding the transmission channel of U.S. monetary easing.
Following a reduction in the federal funds rate, U.S. GDP increases, while the tradeweighted nominal exchange rate depreciates.
13 The transmission of the U.S. monetary easing to Canada again occurs through financial channels, as the short-term Canadian rate declines and Canadian asset prices (TSX index) increase. The trade channel, however, provides a source of leakage to Canada, as the Canadian nominal exchange rate vis-à-vis the United States appreciates and Canadian net exports fall. This result is consistent with Kim [2001] , who explores the transmission of conventional U.S. monetary policy shocks to Canada using a small-scale structural VAR and finds that the financial channel is the main source of spillovers.
Conclusion
In the aftermath of the global financial crisis, the U.S. Federal Reserve provided unprecedented monetary stimulus to an ailing domestic economy by reducing long-term interest rates through quantitative easing, or large-scale purchases of long-term assets, when their conventional short-term policy rate became ineffective at the zero lower bound. Although the domestic effect of QE is largely understood to be expansionary, its international spillover effect is complicated, from a theoretical standpoint, by the countervailing effects of expenditure switching, income absorption and global financial integration.
In this paper, we empirically assess the international transmission of the Fed's QE program by looking at spillovers to Canada. We estimate the effect of QE on the Canadian economy in a two-country FAVAR framework by comparing conditional forecasts of two scenarios -one where the Fed's long-term asset holdings follow its observed path, and a counterfactual, where they do not increase in response to the great recession.
We find that the implementation of QE increases U.S. GDP by about 2.3 percent, and Canadian GDP by 2.2 percent through reductions in long-term spreads for both countries. The positive spillover of QE to Canada occurs mainly from the financial channel through synchronized asset prices and yield spreads across the two countries, while the trade channel provides leakage through a higher Canadian exchange rate and reduced net exports. However, we find evidence that these leakages are a consequence of a stronger Canadian demand for imports, rather than a reduction in exports. Moreover, despite the joint rise in oil prices and the Canadian exchange rate, we find no evidence of Dutch disease as a consequence of QE, since GDP in almost all industries shows gains.
Our results are robust to reasonable changes in our empirical framework and counterfactual assumptions, and are consistent with the existing literature on the effect of QE on the U.S. domestic economy and global financial markets, as well as the literature on the international transmission of conventional U.S. monetary stimulus. Notes: Difference between the policy scenario and the counterfactual scenario without QE. Point estimate of counterfactual difference along with 68% confidence intervals. Results in percentage difference from the no-QE scenario when noted, and in level differences otherwise. 
CAN Corp Spread
Notes: Difference between the policy scenario and the counterfactual scenario without QE. Point estimate of counterfactual difference along with 68% confidence intervals. Results in percentage difference from the no-QE scenario when noted, and in level differences otherwise. Notes: Difference between the policy scenario and the counterfactual scenario without QE. Point estimate of counterfactual difference along with 68% confidence intervals. Results in percentage difference from the no-QE scenario when noted, and in level differences otherwise. Notes: Difference between the policy scenario and the counterfactual scenario without QE. Point estimate of counterfactual difference along with 68% confidence intervals. Results in percentage difference from the no-QE scenario when noted, and in level differences otherwise. 
Appendix: Data Description
Format is: series number, series mnemonic, transformation code, series description, source, and the degree to which factors included in the baseline specification explain the variation of the variable (R-squared). All data available from 1983Q1-2013Q3. The transformation codes are: 1 -no transformation; 2 -first difference; 4 -logarithm; 5 -first difference of logarithm. The majority of series were taken from Haver Analytics. 
